(Q10) for ingestion was 3.05. A "viscosity-free" 010 (with the effects of viscosity removed) was 1.81 . The ratio of rates per 1-cP viscosity change (V,) was 5.9 over the 170C (0.58-cP) interval examined. 21 27, 132 (1992) . In addition, clearance rates for temperate larvae declined to polar levels when viscosity was increased; however, the polymers used and the lack of polymer and temperature controls make these results difficult to interpret (9) . Feeding rate changes per centipoise were 10 to 59 times greater than those measured here and were well beyond what would result from the effects of temperature and viscosity combined, suggesting an artifact of the polymers. However, despite its ubiquitous expression (5) the importance of this enzyme for the generation of cell lineages, the survival of cells, and animal development in general remains elusive. To explore the function of the polp gene in mice, particularly in the development of lymphocytes, one attractive approach is to generate pol-deficient mice with the use of gene targeting. Because of the potential problem of embryonic lethality caused by a null mutation of the polpi gene, we developed a general method for conditional gene inactivation with the use of the poll gene as a model. This method includes the concomitant production of a conventional (nonconditional) deletion mutant.
Our approach is based on the Cre-loxP recombination system of bacteriophage P1 (6). We and others have previously shown that this system is capable of mediating loxP site-specific recombination in both ES cells (7) and transgenic mice (8, 9 Fig. 1B is a two-step strategy for generating in parallel a floxed gene or gene segment and a deletion of the same piece of DNA in ES cells in vitro. In the first step, three loxP sites, in addition to the selection marker genes for neomycin resistance (neor) and herpes simplex virus-thymidine kinase (HSV-tk), are introduced into the flanking regions of the target gene To generate polo mutant mice, we trans- (10) (Fig. 1 ). (Fig. 2C ) into ES cells, and homologous recombinants were identified by Southern (DNA) blot analysis (10) . Out of 288 G418-resistant clones analyzed, 16 were homologous recombinants, representing a frequency of 1 in 18. All these recombinants also carried a co-integrated loxP site approximately 1.5 kb upstream from the poll gene promoter (Fig. 2A) (Fig. 2B) . In two independent experiments, both type I and type II deletions were consistently obtained ( Table  1 ). For convenience, we refer to the type I deletion at the polo locus as polpA and the type II deletion as polIAX.
Mice carrying the polpA and poltbfx mutations in the germ line were generated by the standard protocol (11) . The impact of the polpA mutation was examined in offspring derived from an intercross between poles heterozygous mice. No lethality was observed among the offspring from the time of birth to the age of 4 months. Genotypic examination of 4-week-old offspring revealed the absence of homozygous mutant animals (Table 2) . However, at day 10.5 of fetal life, embryos homozygous for the polep mutation were present at the frequency predicted by Mendelian laws (Table 2) . On the basis of these results, we conclude that the homozygous mutant animals die in the course of fetal development. As expected, animals homozygous for the polIIl°ox mutation are viable. The overall development of these mutant mice also appears normal. These results indicate that the polIAJX mutation does not severely hamper polp expression in vivo.
Cell type-specific deletion of the polp gene was investigated in polIlox/+ mice carrying a creIk transgene. The cre transgene in these mice is driven by the Ick proximal promoter and is, therefore, selectively expressed in T lineage cells (9) . The extent of pole gene deletion was assessed in various tissues of the animals by Southern hybridization (12) . As expected, deletion occurred selectively in T cells. Quantitative analysis indicated that 63 to 84% of splenic T cells carried the deletion (Table 3 ). In contrast, no detectable deletion of the polp gene was observed in either kidney, liver, or B lymphocytes (Fig. 3A) . These results demonstrate that cell type-specific gene inactivation can be achieved through our approach.
To obtain T cells homozygous for the poleP mutation, we mated mice carrying the polX mutation and the creck transgene to heterozygous poles mice. We chose for further analysis offspring of genotype polpltx/polpA that carried the crekk transgene, because in such animals every single cell has only a single functional polp (namely, pollx) gene, the deletion of which will result in homozygosity for the polep mutation. The overall development of pollp/ polIAlx; crekk transgenic mice appeared normal. Of these mice, both males and females were able to generate offspring when mated to normal mice, which suggests that germ cells developed normally in these animals. Flow cytometric analysis of T lineage cells in the thymus revealed no difference between the mutant mice and the wild-type controls in terms of total number of thymocytes and the distribution of CD4 and CD8 expression (13) on the surface of these cells (Fig. 4) . In the blood of the mutants, essentially all T cells [as identified by the Thy-1 surface marker (13)1 express the ad T cell receptor (TCR), and the number of splenic Thy-1' cells is also normal compared to that in wild-type mice (14) .
To estimate the fraction of T cells homozygous for the polpA mutation in these mice, we performed Southern blot analysis using DNA from purified T and B cells (Fig.  3B ) (12) . We found that approximately 40% of CD41CD8C thymocytes were homozygous for the polpA mutation (Table 3 ). S..
observation that the creck transgene is not expressed in mature T cells (9) . There may be two main reasons for the incompleteness of polo gene deletion in our experimental system. First, the Ick proximal promoter is active only at early stages ofT cell development (15) . Earlier data also indicate that the crelck transgene is expressed only transiently in the thymus (9) . It is therefore conceivable that in the transgenic T cells the poltx alleles have only a brief period of time to accomplish Cre-loxP-mediated recombination. Second, the cre gene that we have used corresponds to the wild-type cre gene of PI phage (6) . It is known that the expression of this gene in eukaryotic cells is suboptimal, but it can be improved by appropriate genetic manipulation (7, 16 single layer of mitomycin C-treated embryonic fibroblasts. After 1 week of selection in G418-containing medium, homologous recombinants were identified by Southern blot hybridization based on the strategy depicted in Fig. 2C . A targeted clone should yield a 5.5-kb band in addition to an equally intense 1 0-kb wild-type band upon hybridization to probe A (Fig. 2) 
